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(57) ABSTRACT 
A laser processing method for forming a hole in a sheet-like 
object to be processed made of silicon comprises a depression 
forming step of forming a depression in a part corresponding 
to the hole on a laser light entrance surface side of the object, 
the depression opening to the laser light entrance Surface; a 
modified region forming step of forming a modified region 
along a part corresponding to the hole in the object by con 
Verging a laser light at the object after the depression forming 
step; and an etching step of anisotropically etching the object 
after the modified region forming step so as to advance the 
etching selectively along the modified region and form the 
hole in the object; wherein the modified region forming step 
exposes the modified region or a fracture extending from the 
modified region to an inner face of the depression. 

11 Claims, 15 Drawing Sheets 
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LASER PROCESSING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a Continuation-In-Part application of PCT applica 
tion No. PCT/JP2011/066319 filed on Jul.19, 2011, claiming 
the benefit of priorities from Japanese Patent application No. 
2010-167434 filed on Jul. 26, 2010, and incorporated by 
reference in their entirety. 

TECHNICAL FIELD 

The present invention relates to a laser processing method 
for forming a hole in a sheet-like object to be processed made 
of silicon. 

BACKGROUND ART 

Known as a conventional laser processing method is one 
comprising, as disclosed in Patent Literature 1, for example, 
converging a laser light into a silicon monocrystal Substrate 
(object to be processed), so as to form a material transformed 
part (modified region), and then advancing etching along the 
material transformed part by etching the silicon monocrystal 
Substrate, so as to remove the material transformed part and 
form a blind hole or through hole in the silicon monocrystal 
substrate. 

CITATION LIST 

Patent Literature 

Patent Literature 1: Japanese Patent Application Laid-Open 
No. 2005-74663 

SUMMARY OF INVENTION 

Technical Problem 

In laser processing methods such as the one mentioned 
above, on the laser light entrance surface side of the object, 
the straightness of fractures extending from the formed modi 
fied region may lower under the influence of the laser light L. 
(thermal shock) and the like, thereby making the fractures 
meander or extend in unintended directions. In this case, 
when forming holes in the object by anisotropic etching, 
etching may progress along fractures having low straightness, 
thus fluctuating the size and form of the opening of the holes, 
thereby making it hard to control the opening width of the 
holes. 

It is therefore an object of the present invention to provide 
a laser processing method which can enhance the controlla 
bility of the opening width of holes on the laser light entrance 
Surface side. 

Solution to Problem 

One aspect of the present invention relates to a laser pro 
cessing method. This laser processing method is a laser pro 
cessing method for forming a hole in a sheet-like object to be 
processed made of silicon, the method comprising a depres 
sion forming step of forming a depression in a part corre 
sponding to the hole on a laser light entrance Surface side of 
the object, the depression opening to the laser light entrance 
Surface; a modified region forming step of forming a modified 
region along a part corresponding to the hole in the object by 
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2 
converging a laser light at the object after the depression 
forming step; and an etching step of anisotropically etching 
the object after the modified region forming step so as to 
advance the etching selectively along the modified region and 
form the hole in the object; wherein the modified region 
forming step exposes the modified region or a fracture 
extending from the modified region to an inner face of the 
depression. 

This laser processing method forms a depression on the 
laser light entrance Surface side of the object and exposes a 
modified region or a fracture extending from the modified 
region to the inner face of the depression. Therefore, during 
anisotropic etching, an opening of a hole is formed in confor 
mity to the shape of the depression, so as to inhibit the etching 
from advancing along fractures having low straightness to 
form the opening of the hole. This can keep Such fractures 
from adversely affecting the opening width of the hole, 
thereby enhancing the controllability of the opening width of 
the hole on the laser light entrance Surface side. 
The depression forming step may form a sloped Surface 

tilted with respect to a thickness direction of the object as the 
inner face of the depression, while the modified region form 
ing step may irradiate the sloped surface with the laser light, 
so as to refract the laser light by the sloped surface and 
converge the laser light at a part corresponding to the hole in 
the object. In this case, the laser light is converged at the 
object by utilizing the refraction of the laser light by the 
sloped surface, whereby the position of a converging point of 
the laser light can be set uniquely by the sloped surface. This 
can reduce the necessity for the positional control of the laser 
light, whereby the converging point position can be restrained 
from shifting because of positional deviations and the like of 
a laser light source, for example. That is, the converging point 
position of the laser light can be controlled by the sloped 
Surface So as to form the modified region accurately in the 
object. 

Here, there is a case where the hole extends while being 
tilted by a predetermined angle with respect to the thickness 
direction, and the depression forming step forms the sloped 
Surface tilted by an angle corresponding to a refractive index 
of the object for the laser light and the predetermined angle. 
The modified region forming step may repeatedly perform 

the step of irradiating the sloped surface with the laser light 
while locating a condenser lens at different positions in the 
thickness direction, so as to form a plurality of modified spots 
constituting the modified region at respective distances from 
the sloped surface. Thus repeatedly irradiating the sloped 
Surface with the laser light while converging it through the 
condenser lens located at respective positions in the thickness 
direction can favorably form a plurality of modified spots 
with different distances from the sloped surface in the object. 
The modified region forming step may irradiate the sloped 

surface with the laser light while moving the condenser lens 
along the sloped Surface, so as to form a plurality of modified 
spots constituting the modified region and aligning along the 
sloped Surface at a fixed distance from the sloped surface. 
Thus irradiating the sloped surface with the laser light while 
moving the condenser lens along the sloped surface can favor 
ably form a plurality of modified spots aligning along the 
sloped Surface at a fixed distance from the sloped surface in 
the object. 
The depression forming step may form the depression by 

anisotropically etching the object. In this case, when forming 
the depression, the desirable depression can be formed accu 
rately in the object by utilizing a characteristic feature of the 
anisotropic etching that the etching rate depends on the crys 
tal orientation of the object. 
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ent from that of the unmodified region, or areas formed with 
a lattice defect may further incorporate a fracture (cut or 
microcrack) therewithin or at an interface between the modi 
fied region 7 and an unmodified region. The incorporated 
fracture may be formed over the whole surface of the modi 
fied region or in only a part or a plurality of parts thereof. 
Examples of the object 1 include those containing or consti 
tuted by silicon. 

Here, this embodiment forms the modified region 7 in the 
object 1 and then etches the object 1, so as to advance the 
etching selectively along the modified region 7 (i.e., along the 
modified region, fractures included in the modified region 7. 
or fractures from the modified region 7), thereby removing a 
part extending along the modified region 7 in the object 1. 
These fractures are also known as cracks, microcracks, cuts, 
and the like (hereinafter simply referred to as “fractures'). 

In the etching in this embodiment, for example, a capillary 
action or the like is utilized so that fractures included in the 
modified region 7 of the object 1 or fractures from the modi 
fied region 7 are impregnated with an etchant, so as to advance 
the etching along fracture Surfaces. This advances the etching 
selectively at a higher etching rate (etching speed) along the 
fractures in the object 1 and removes them. At the same time, 
by utilizing the characteristic feature that the etching rate of 
the modified region 7 itself is high, the etching is selectively 
advanced along the modified region 7. So as to remove it. 

Examples of the etching include a case where the object is 
immersed in the etchant (dipping) and a case where the object 
is coated with the etchant while being rotated (spin etching). 

Examples of the etchant include KOH (potassium hydrox 
ide), TMAH (aqueous tetramethylammonium hydroxide 
solution), EDP (ethylenediamine pyrocatechol), NaOH (so 
dium hydroxide), CsOH (cesium hydroxide), NHOH (am 
monium hydroxide), and hydrazine. The etchant to be used is 
not limited to liquids but may be in the form of a gel (jelly or 
semisolid). Here, the etchant is used at a temperature ranging 
from ambient temperature to about 100° C., which is set 
appropriately according to a required etching rate or the like. 
When the object 1 made of silicon is etched with KOH, for 
example, the temperature is preferably set to about 60° C. 
As the etching, this embodiment performs anisotropic 

etching which is etching having a higher (or lower) etching 
rate in a specific direction based on a crystal orientation. The 
anisotropic etching is applicable not only to relatively thin 
object but also to thick ones (having a thickness of 800 um to 
100 um, for example). In this case, even when the surface to 
be formed with the modified region 7 differs from its plane 
direction, the etching can be advanced along the modified 
region 7. That is, the anisotropic etching here enables not only 
the etching of the plane direction in conformity to the crystal 
orientation, but also the etching independent of the crystal 
orientation. 

First Embodiment 

The laser processing method in accordance with the first 
embodiment of the present invention will now be explained. 
FIGS. 7 and 8 are flow diagrams for explaining this embodi 
ment. As illustrated in FIGS. 7 and 8, this embodiment forms 
pits (depressions) 10, 10 on the front face 3 side and rear face 
21 face side of the object 1, converges the laser light L at the 
object 1, so as to form a modified region 7, and removes a part 
extending along the modified region 7 in the object 1 by 
anisotropic etching, thereby forming a through hole 24. 
The object 1 is a silicon substrate transparent to the wave 

length (e.g., 1064 nm) of the laser light L with which it is 
irradiated and has the front face 3 and rear face 21 that are 
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6 
(100) planes. At a position corresponding to the through hole 
24, the line 5 is programmably set as being specified by 
three-dimensional coordinates. The through hole 24 extends 
obliquely with respect to the thickness direction of the object 
1. Here, the through hole 24 extends alonga (111) plane of the 
object 1, while forming an angle of 35°, for example, with the 
thickness direction of the through hole 24. 
The following explanation will assume the thickness direc 

tion of the object 1 (the irradiation direction of the laser light; 
the vertical direction on the paper surface) to be the Z direc 
tion, the lateral direction (the horizontal direction on the 
paper surface) toward which the through hole 24 tilts with 
respect to the thickness direction to be the X direction, and the 
direction (the direction normal to the paper Surface) orthogo 
nal to the X and Z directions to be the Y direction. 

First, when processing the object 1 in this embodiment, 
etch-resistant films 22 made of SiN (silicon nitride) or the like 
which is resistant to etch are formed on the front and rear faces 
3, 21 of the object. At the same time, the etch-resistant films 
22 are patterned so as to form openings at parts corresponding 
to the through hole 24. Subsequently, as illustrated in FIG. 
7(b), the object 1 is anisotropically etched, so as to form pits 
10 as openings in the respective parts corresponding to the 
through hole 24 on the front face 3 side and rear face 21 side. 
The pits 10, 10 are provided so as to open to the front and 

rear faces 3, 21, respectively. Here, each pit 10 is formed so as 
to be depressed like a quadrangular pyramid into the object 1 
and has a sloped surface 10a along the (111) plane of the 
object 1 as an inner face. 

Next, the object 1 is mounted and held on the mount table 
such that the front face 3 faces up. Subsequently, the object 1 
is irradiated (scanned) with the laser light L in an on/off 
manner from the front face 3 side, while locating a converging 
point of the laser light L (hereinafter simply referred to as 
“converging point”) on the rear face 21 side within the object 
1 and moving the converging point in the Y direction, Such as 
to form the modified region 7 along the line 5. Specifically, 
the object 1 is scanned with converging points (modified 
regions 7) at predetermined pitches in the Y direction (i.e., 
laser irradiation is performed at predetermined pitch inter 
vals, so as to form the modified regions 7 by the number of 
laser irradiation shots). Here, it is desirable that the modified 
regions 7 beformed such that the respective modified regions 
7 formed by the laser irradiation shots partly overlap each 
other in the Y direction. In this embodiment, the laser light L. 
is a pulsed laser light. The scan is repeatedly performed, while 
progressively changing the Z-direction position of the con 
verging point from the rear face 21 side to the front face 3 side. 

This forms the modified regions 7 joining each other along 
the part corresponding to the through hole 24 in the object 1 
such that they are exposed to the inner faces of the pits 10. In 
other words, the modified regions 7 continuously extending 
along the (111) plane of the object 1 so as to connect the pits 
10, 10 on the front and rear faces 3, 21 to each other are 
formed so as to be exposed to the sloped surfaces 10a of the 
pits 10. Here, since spot irradiation is performed with a pulsed 
laser light as the laser light L, the modified regions 7 formed 
thereby are constituted by modified spots. Thus formed modi 
fied regions 7 and modified spots include fractures generated 
from the modified regions 7 and modified spots (ditto in the 
following). 

Next, the object 1 is anisotropically etched with KOH at 
85°C. as an etchant, for example. This etches the vicinity of 
the pits 10 in the object 1 and causes the etchant to invade and 
wet the modified regions 7 as illustrated in FIG. 8(a), thereby 
selectively advancing (evolving) the etching along the modi 
fied regions 7. As a result, as illustrated in FIG. 8(b), the part 
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of the object 1 extending along the modified regions 7 is 
etched away in an extending manner, so as to form the through 
hole 24 reaching the front and rear faces 3, 21 such as to 
connect the pits 10, 10 to each other. 

Here, in the anisotropic etching for the object 1, the etching 
rate depends on the crystal orientation of the object 1 and thus 
becomes so slow in the (111) plane in the object 1 compared 
to other parts that the etching stops. Therefore, in the modified 
regions 7 extending along the (111) plane, the etching 
advances selectively at a high speed in particular along their 
extending direction, while the inner face 24a of the through 
hole 24 formed thereby becomes smooth as their irregulari 
ties are etched away, whereby a mirror surface is formed on 
the inner face 24a. For example, the Surface roughness of the 
inner face 24a is such that the arithmetic mean roughness 
Ra=0.12 Lum (ten-point average roughness RZ-2.36 um). 

Meanwhile, there are typical cases where the straightness 
of fractures extending from the modified regions 7 on the 
front face 3 side acting as the laser light entrance Surface of 
the object 1 becomes lower than that of fractures extending 
from the modified regions 7 on the rear face 21 side under the 
influence (thermal shock) and the like of the laser light L, for 
example. As a consequence, the fractures from the modified 
regions 7 on the front face 3 side may meander, extend in 
unintended directions, and so forth. This may advance the 
etching along fractures having low straightness during the 
anisotropic etching, thereby fluctuating the size and form of 
the opening 24b of the through hole 24 on the front face 3 side, 
which makes it hard to control the opening width of the 
through hole 24 (the size of the opening 24b). 

In this regard, the pit 10 is formed on the front face 3 side 
of the object 1 in this embodiment as mentioned above, so that 
the modified region 7 is exposed to the sloped surface 10a of 
the pit 10 and contained in the pit 10. Therefore, during the 
anisotropic etching, the opening 24b of the through hole 24 on 
the front face 3 side of the object 1 is not formed as the etching 
advances along the fractures having low Straightness, but in 
conformity to the shape of the pit 10. Therefore, this embodi 
ment can inhibit the fractures having low straightness from 
adversely affecting the opening width of the through hole 24 
and enhance the controllability of the opening width of the 
through hole 24 on the front face 3 side. 
As mentioned above, the modified regions 7 are formed 

along the (111) plane of the object 1 in this embodiment. 
Therefore, selectively advancing the etching along the modi 
fied regions 7 by anisotropic etching can form a mirror Sur 
face, which is a Smooth Surface with less irregularities, on the 
inner face 24a of the through hole 24 and yield a rectangular 
(diamond-shaped) cross section in the through hole 24. 
As mentioned above, this embodiment forms the pits 10 by 

anisotropically etching the object 1. Therefore, when forming 
the pits 10, the desirable pits 10 can be formed easily and 
accurately in the object 1 by utilizing a characteristic feature 
of the anisotropic etching that its etching rate depends on the 
crystal orientation of the object 1. 
Though this embodiment exposes the modified regions 7 

themselves to the sloped surfaces 10a of the pits 10, fractures 
from the modified regions 7 may be exposed instead of the 
modified regions 7. It will be sufficient if the modified regions 
or fractures extending from the modified regions 7 are 
exposed. This also holds in embodiments which will follow. 

Second Embodiment 

The second embodiment of the present invention will now 
be explained. This embodiment will be explained mainly in 
terms of points different from the above-mentioned first 
embodiment. 
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8 
FIG. 9 is a flow diagram for explaining this embodiment, 

while FIG. 10 is a view for explaining the forming of a 
modified region in this embodiment. The laser processing 
method in accordance with this embodiment forms a 
branched hole 24 in the object 1 as illustrated in FIG. 9. The 
branched hole 24 includes an opening 24b shaped like a 
V-groove and disposed on the front face 3 side, a vertical part 
241 extending from the bottom part of the opening 24b in the 
Z direction, and tilted parts 242, 243 extending from the 
respective opposing tilted Surfaces of the opening 24b in 
directions tilted with respect to the Z direction. 

First, as illustrated in FIG. 9(a), the V-groove pit 10 open 
ing to the front face 3 is formed at a position corresponding to 
the opening 24b on the front face 3 side of the object 1 in this 
embodiment. Subsequently, a plurality of modified spots S 
are formed along the parts corresponding to the vertical part 
241 and tilted parts 242, 243, so as to produce modified 
regions 71 to 73. 

Specifically, the above-mentioned scan is performed Such 
as to form the modified spot S1 in the part corresponding to 
the vertical part 241. The scan for forming the modified spot 
S1 is repeatedly performed while changing the converging 
point position in the Z direction by moving the condenser lens 
105 by a predetermined amount in the Z direction. Here, the 
condenser lens 105 is moved from the rear face 21 side to the 
front face 3 side Such that the converging point position in the 
Z direction progresses from the rear face 21 side to the front 
face 3 side. This forms a modified region 71 constituted by a 
plurality of modified spots S1 along the part corresponding to 
the vertical part 241 in the object 1. In the modified region 71 
here, the modified spot S1 on the front face 3 side is exposed 
to the bottom part of the pit 10. 
The above-mentioned scan is also performed so as to form 

modified spot S2 in the part corresponding to the tilted part 
242. More specifically, as illustrated in FIG.10(a), the sloped 
surface 10a of the pit 10 is irradiated with the laser light L in 
an on/offmanner, so that the laser light L is refracted by the 
sloped Surface 10a and converged at the part corresponding to 
the tilted part 242 in the object 1, whereby the modified spot 
S2 is formed. 

Here, the angle of inclination of the sloped surface 10a 
with respect to the Z direction is 35°, so that the angle of 
convergence of the laser light Lincident on the sloped surface 
10a along the Z direction and refracted thereby is set to 43.3° 
according to the following relationship of refractive indexes. 
That is, when forming the pit 10, the sloped surface 10a is 
tilted by an angle corresponding to the refractive index of the 
object 1 for the laser light L and the angle of inclination 
(predetermined angle) of the tilted surface 242 with respect to 
the Z direction. The angle of convergence means the angle of 
the optical axis of the laser light L with respect to the X 
direction. 
The refractive index of air-1.0. The refractive index of the 

object 1=3.5. 
Subsequently, as illustrated in FIG. 10(b), the scan for 

forming the modified spot S2 is repeatedly performed while 
changing the converging point position in the direction along 
the tilted part 242 (i.e., the converging point position in the 
depth direction of the sloped surface 10a) by moving the 
condenser lens 105 by a predetermined amount in the Z 
direction. Here, the condenser lens 105 is moved from the rear 
face 21 side to the front face 3 side such that the converging 
point position progresses from the rear side to the front side in 
the depth direction of the sloped surface 10a. This forms a 
modified region 72 constituted by a plurality of modified 
spots S2 along the part corresponding to the tilted part 242. In 
the modified region 72 here, a fracture C extending from the 
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modified spot S2 on the front face 3 side is exposed to the 
sloped surface 10a of the pit 10. 
As with the forming of the above-mentioned modified 

spots S2 and modified region 72, the above-mentioned scan is 
repeatedly performed along the part corresponding to the 
tilted part 243 while changing the converging point position, 
so as to form a modified region 73 constituted by a plurality of 
modified spots S3. Thereafter, as illustrated in FIG. 9(b), the 
object 1 is anisotropically etched, so as to advance the etching 
selectively along the modified regions 7. As a result, the parts 
of the object 1 extending along the modified regions 7 are 
etched away, so as to form the branched hole 24. 
As in the foregoing, this embodiment yields effects similar 

to those mentioned above, namely, inhibits fractures having 
low straightness from adversely affecting the opening width 
of the branched hole 24 and enhances the controllability of the 
opening width of the branched hole 24. Also, this embodi 
ment exposes the fracture C to the sloped surface 10a of the 
pit 10 as mentioned above and thus can improve the straight 
ness of the fracture C as compared with the case where frac 
tures are exposed to the front face 3. 
As mentioned above, this embodiment irradiates the sloped 

surface 10a with the laser light L, so that the laser light L is 
refracted by the sloped surface 10a, so as to be converged. 
This can converge the laser light Linto the object 1 by utiliz 
ing the refraction of the laser light L by the sloped surface 
10a, so that the converging point position of the laser light L 
can be set uniquely by the sloped surface 10a. As a result, the 
necessity for positional control of the laser light L can be 
reduced, whereby the converging point position can be 
restrained from shifting because of positional deviations and 
the like of the laser light source 101 (see FIG. 1), for example. 
That is, controlling the converging point position of the laser 
light L by the sloped surface 10a can accurately form the 
modified regions 7 in the object 1. 

In particular, this embodiment forms a plurality of modi 
fied spots Sat different distances from the sloped surface 10a 
by moving the condenser lens 105 only in the Z direction and 
thus can reduce the necessity for moving the condenser lens 
105 in both of the Z and X directions so as to shift the 
converging point. Therefore, the modified regions 7 can eas 
ily be formed in the object 1. 

Third Embodiment 

The third embodiment of the present invention will now be 
explained. This embodiment will be explained mainly in 
terms of points different from the above-mentioned second 
embodiment. 

FIGS. 11 and 12 are flow diagrams for explaining this 
embodiment. As illustrated in FIG. 12, the laser processing 
method in accordance with this embodiment is used for mak 
ing a bleeder circuit board 51 and forms a plurality of (two 
here) branched through holes 24 in the object 1. Each 
branched through hole 24 includes an opening 24b shaped 
like a V-groove and tilted parts 244, 245 extending from the 
respective opposing tilted Surfaces of the opening 24b in 
directions tilted with respect to the Z direction. 

This embodiment firstly forms and patterns an etch-resis 
tant film 22 on the front face 3 of the object 1 as illustrated in 
FIG.11(a) and then anisotropically etches the object 1 so as 
to form a plurality of pits 10, 10 on the front face 3 side of the 
object 1 as illustrated in FIG. 11(b). Subsequently, the etch 
resistant film 22 is removed, and then a plurality of modified 
spots S are formed along the parts corresponding to the tilted 
parts 244, 245 of the branched through holes 24 as illustrated 
in FIG. 11(c), so as to produce modified regions 7. 
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10 
Specifically, the sloped surface 10a of the pit 10 is irradi 

ated with the laser light L, so that the laser light L is refracted 
by the sloped surface 10a and converged at the part corre 
sponding to the tilted part 244 in the object 1, whereby a 
modified spot S is formed. This is repeatedly performed while 
changing the converging point position by moving the con 
denser lens 105 by a predetermined amount in the Z direction, 
so as to form a modified region 74 constituted by a plurality of 
modified spots Salong the part corresponding to the tilted part 
244. Similarly, a modified region 75 constituted by a plurality 
of modified spots S is formed along the part corresponding to 
the tilted part 245 in the object 1. Here, the modified regions 
74, 75 are formed such that the modified spots S on the front 
face 3 side are exposed to the sloped surfaces 10a of the pits 
10. 

Subsequently, the object 1 is anisotropically etched, so as 
to advance the etching selectively along the modified regions 
7 as illustrated in FIG. 12(a). As a result, the parts extending 
along the modified regions 7 in the object 1 are etched away, 
whereby a plurality of branched holes 24, 24 are formed. 
Thereafter, as illustrated in FIG. 12(b), oxide films 200 are 
formed on the inner faces of the branched holes 24, 24, the 
front face, and the rear face 21 by thermal oxidation. Subse 
quently, as illustrated in FIG. 12(c), a conductor 13 is inserted 
into the branched through holes 24, 24, and pads 14 are 
formed within the opening 24b and on the rear face 21 so as to 
electrically connect with the conductor 13. This forms a 
bleeder circuitboard 51 which enables 1:N electrical connec 
tions (where N is an integer of 2 or greater). 
As in the foregoing, this embodiment yields effects similar 

to those mentioned above, namely, inhibits fractures having 
low straightness from adversely affecting the opening width 
of the branched hole 24 and enhances the controllability of the 
opening width of the branched hole 24. 
As with the above-mentioned embodiment, this embodi 

ment irradiates the sloped surface 10a with the laser light L. 
so that the laser light L is refracted by the sloped surface 10a, 
So as to be converged, whereby the converging point position 
of the laser light L can be controlled by the sloped surface 
10a, which makes it possible to form the modified regions 7 
accurately in the object 1. 

Fourth Embodiment 

The fourth embodiment of the present invention will now 
be explained. This embodiment will be explained mainly in 
terms of points different from the above-mentioned second 
embodiment. 

FIG. 13 is a flow diagram for explaining this embodiment, 
while FIG. 14 is a view for explaining the forming of a 
modified region in this embodiment. The laser processing 
method in accordance with this embodiment forms a 
branched hole 24 in the object 1 as illustrated in FIG. 13. The 
branched hole 24 includes an opening 24b shaped like a 
V-groove, a vertical part 246 extending from the bottom part 
of the opening 24b in the Z direction, and tilted parts 247,248 
which are wider than the vertical part 246 and extend from the 
respective opposing tilted Surfaces of the opening 24b in 
directions tilted with respect to the Z direction. 

First, as illustrated in FIG. 13(a), the V-groove pit 10 open 
ing to the front face 3 is formed at a position corresponding to 
the opening 24b on the front face 3 side of the object 1 in this 
embodiment. Subsequently, a plurality of modified spots S 
are formed along the parts corresponding to the vertical part 
246 and tilted parts 247,248 (see FIG. 13(b)), so as to produce 
modified regions 76 to 78. 
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Here, as illustrated in FIG. 14, the laser light L is emitted 
(Scanned) in an on/offmanner, while moving the condenser 
lens 105 along the X direction and in the Z direction so as to 
follow the sloped surface 10a (i.e., such that the distance 
between the condenser lens 105 and the sloped surface 10a 
becomes constant). As a result, the sloped surface 10a is 
irradiated with the laser light L. moving along the sloped 
surface 10a, so that the laser light L is refracted by the sloped 
surface 10a, so as to be converged into the object 1, whereby 
a plurality of (four here) modified spots S equally distanced 
from the sloped surface 10a are formed Such as to align along 
the sloped surface 10a. Here, “equal encompasses substan 
tially equal and means that their difference is Small. 

Then, the scan is repeatedly performed while changing the 
converging point position by moving the condenser lens 105 
by a predetermined amount in the Z direction. This forms the 
modified regions 76 to 78 constituted by a plurality of modi 
fied spots Salong the parts corresponding to the Vertical part 
246 and tilted parts 247, 248 as illustrated in FIG. 13(a). 
Thereafter, the object 1 is anisotropically etched, so as to 
advance the etching selectively along the modified regions 7 
as illustrated in FIG. 13(b). As a result, the parts extending 
along the modified regions 7 in the object 1 are removed, 
whereby the branched hole 24 is formed. 
As in the foregoing, this embodiment yields effects similar 

to those mentioned above, namely, inhibits fractures having 
low straightness from adversely affecting the opening width 
of the branched hole 24 and enhances the controllability of the 
opening width of the branched hole 24. 
As with the above-mentioned embodiment, this embodi 

ment irradiates the sloped surface 10a with the laser light L. 
so that the laser light L is refracted by the sloped surface 10a, 
So as to be converged, whereby the converging point position 
of the laser light L can be controlled by the sloped surface 
10a, which makes it possible to form the modified regions 7 
accurately in the object 1. 

In particular, this embodiment irradiates the sloped surface 
10a with the laser light L while moving the condenser lens 
105 so as to follow the sloped surface 10a as mentioned 
above. Therefore, a plurality of modified spots S. equally 
distanced from the sloped Surface 10a, aligning along the 
sloped surface 10a can be formed favorably in the object 1. 
By appropriately controlling the size of the pit 10 to be 

formed, this embodiment can regulate the range of modified 
spots S which can be arranged in a row along the sloped 
Surface 10a, so as to manage the width (aperture size) of the 
tilted parts 247. 248. That is, as illustrated in FIG. 15(a), for 
example, a pit 10' smaller than the above-mentioned pit 10 
(see FIG. 13(a)) of this embodiment is formed in the object 1, 
and modified regions 77", 78 in which the number of modified 
spots Saligning along the sloped Surface 10a is Smaller than 
in the modified regions 77, 78 are formed. As a result, subse 
quent anisotropic etching forms a branched hole 24 having 
tilted parts 247,248 narrower than the tilted parts 247,248 as 
illustrated in FIG. 15(b). 
Though preferred embodiments of the present invention 

have been explained in the foregoing, the present invention is 
not limited thereto but may be modified or applied to others 
within the scope not changing the gist recited in each claim. 

For example, the laser light entrance surface for forming 
the modified region 7 is not, limited to the front face 3 of the 
object 1, but may be the rear face 21 of the object 1. Though 
the pits 10 are formed on the front face 3 side and rear face 21 
side in the above-mentioned first embodiment, there is a case 
where the pit 10 is formed on the front face 3 side alone. 

The on/off irradiation with the laser light L in the above 
mentioned embodiments may be performed not only by con 
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12 
trolling the on/off of the emission of the laser light L, but also 
by opening/closing a shutter disposed on the optical path of 
the laser light L or by masking on/off the front face 3 of the 
object 1, for example. Further, the intensity of the laser light 
L may be controlled between an intensity at a threshold for 
forming the modified region (processing threshold) or higher 
and an intensity lower than the processing threshold. 
The hole formed by the present invention is not limited to 

the above-mentioned embodiments, but may be any of vari 
ous holes. For example, it may be any of through and blind 
holes or any of branched and unbranched holes, either tilting 
with respect to the Z direction or extending along the Z 
direction. The hole may have either a circular or polygonal 
cross section. 

Since doping the etchant with an additive can change the 
etching rate in a specific crystal orientation, the etchant may 
be doped with an additive corresponding to the crystal orien 
tation of the object 1 in order to perform anisotropic etching 
at a desirable etching rate. 

INDUSTRIAL APPLICABILITY 

The present invention can enhance the controllability of the 
opening width of holes on the laser light entrance Surface 
side. 

REFERENCE SIGNS LIST 

1 ... object to be processed; 3. . . front face (laser light 
entrance surface); 7,71 to 78, 77,78'... modified region; 10, 
10' . . . pit (depression); 10a ... sloped surface (inner face); 
24. . . through hole, branched hole, branched through hole 
(hole); 105... condenser lens; C. ... fracture; L...laser light; 
S. . . modified spot 

The invention claimed is: 
1. A laser processing method for forming a hole in a sheet 

like object to be processed made of silicon, the method com 
prising: 

a depression forming step of forming a depression in a part 
corresponding to the hole on a laser light entrance Sur 
face side of the object, the depression opening to the 
laser light entrance Surface; 

a modified region forming step of forming a modified 
region along a part corresponding to the hole in the 
object by converging a laser light at the object after the 
depression forming step, the modified region being 
formed by a plurality of modified spots; and 

an etching step of anisotropically etching the object after 
the modified region forming step so as to advance the 
etching selectively along the modified region and form 
the hole in the object; 

wherein the modified region forming step exposes the 
modified region or a fracture extending from the modi 
fied region to an inner face of the depression. 

2. A laser processing method according to claim 1, wherein 
the depression forming step forms a sloped surface tilted with 
respect to a thickness direction of the object as the inner face 
of the depression; and 

wherein the modified region forming step irradiates the 
sloped surface with the laser light, so as to refract the 
laser light by the sloped surface and converge the laser 
light at a part corresponding to the hole in the object. 

3. A laser processing method according to claim 2, wherein 
the hole extends while being tilted by a predetermined angle 
with respect to the thickness direction; and 
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wherein the depression forming step forms the sloped sur 
face tilted by an angle corresponding to a refractive 
index of the object for the laser light and the predeter 
mined angle. 

4. A laser processing method according to claim 2, wherein 
the modified region forming step repeatedly performs the step 
of irradiating the sloped surface with the laser light while 
locating a condenser lens at different positions in the thick 
ness direction, so as to form a plurality of modified spots 
constituting the modified region at respective distances from 
the sloped surface. 

5. A laser processing method according to claim 2, wherein 
the modified region forming step irradiates the sloped surface 
with the laser light while moving a condenser lens along the 
sloped surface, so as to form a plurality of modified spots 
constituting the modified region and aligning along the 
sloped surface at a fixed distance from the sloped surface. 

6. A laser processing method according to claim 1, wherein 
the depression forming step forms the depression by aniso 
tropically etching the object. 

7. A laser processing method for forming a hole in a sheet 
like object to be processed made of silicon, the method com 
prising: 

a depression forming step of forming a depression in a part 
corresponding to the hole on a laser light entrance sur 
face side of the object, the depression opening to the 
laser light entrance surface; 

a modified region forming step of forming a modified 
region along a part corresponding to the hole in the 
object by converging a laser light at the object after the 
depression forming step; and 

an etching step of anisotropically etching the object after 
the modified region forming step so as to advance the 
etching selectively along the modified region and form 
the hole in the object; 
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wherein the modified region forming step exposes the 

modified region or a fracture extending from the modi 
fied region to an inner face of the depression, 

wherein the depression forming step forms a sloped sur 
face tilted with respect to a thickness direction of the 
object as the inner face of the depression, and 

wherein the modified region forming step irradiates the 
sloped surface with the laser light, so as to refract the 
laser light by the sloped surface and converge the laser 
light at a part corresponding to the hole in the object. 

8. A laser processing method according to claim 7, wherein 
the hole extends while being tilted by a predetermined angle 
with respect to the thickness direction, and 

wherein the depression forming step forms the sloped sur 
face tilted by an angle corresponding to a refractive 
index of the object for the laser light and the predeter 
mined angle. 

9. A laser processing method according to claim 7, wherein 
the modified region forming step repeatedly performs the step 
of irradiating the sloped surface with the laser light while 
locating a condenser lens at different positions in the thick 
ness direction, so as to form a plurality of modified spots 
constituting the modified region at respective distances from 
the sloped surface. 

10. A laser processing method according to claim 7. 
wherein the modified region forming step irradiates the 
sloped surface with the laser light while moving a condenser 
lens along the sloped surface, so as to form a plurality of 
modified spots constituting the modified region and aligning 
along the sloped surface at a fixed distance from the sloped 
surface. 

11. A laser processing method according to claim 7, 
wherein the depression forming step forms the depression by 
anisotropically etching the object. 


